Fish protein is a source of animal protein that is consumed worldwide. Although it has been reported that the intake of Alaska pollack protein (APP) reduces serum triglyceride and body fat accumulation in rats, the mechanisms underlying these effects are poorly understood. In the present study, we fed 5-week-old male Sprague-Dawley rats a high-fat diet with APP or casein for 4 weeks. We reconfirmed that the intake of APP decreases serum triglycerides and inhibits visceral body fat accumulation in rats. We found that APP had a higher non-digestive protein content than casein, and the amount of protein in feces was higher in the APP group than in the casein group. However, the amount of total lipids in feces did not differ significantly between the groups. We also found that the gastrocnemius muscle, a fast-twitch muscle, tended to increase in weight, and that the epididymal fat weight correlated negatively with gastrocnemius muscle weight in the APP group. These results imply that the enhancement of basal energy expenditure by fast-twitch muscle hypertrophy, rather than the enhancement of lipid excretion via feces, partly causes APP-induced inhibition of lipid accumulation in rats.
Many epidemiological studies have indicated a positive relationship between serum triglyceride (TG) values and the incidence of coronary heart disease (CHD) (1, 2) . Thus, maintaining normal serum TG levels is thought to be important to preventing CHD. Since dietary habit affects the disease state of hypertriglyceridemia, appropriate dietary habits are needed. Fish consumption has been inversely associated with CHD incidence (10) . Because fish oil supplementation has been reported to reduce blood TG (5), fish oil is thought to be a key ingredient for improving hypertriglyceridemia. However, since the edible part of a fish is mostly its protein, we focused on the effects of fish protein on lipid metabolism. Fish protein is a source of animal protein that is consumed worldwide, and it is essential to the human diet. Especially, Alaska pollack (Theragra chalcogramma) is a material found in processed seafoods such as imitation crab, kamaboko (fish cakes), and fish sausage. Considering the wide-ranging use of Alaska pollack protein (APP), we thought it important to elucidate its nutritional characteristics. Compared to casein, APP reportedly inhibits visceral fat accumulation, hypocholesterolaemic effects, and hypotriglyceridemic effects (7, 13, 15) . Although it has been reported that APP's hypocholesterolaemic effect may be induced by increasing the excretion of bile acids (7, 8) , and/or by increasing cholesterol synthesis in the liver (15) , the mecha-analyses of casein and APP sources were performed by Japan Food Research Laboratories (Tokyo), as in a previous report (13) . Non-digestive protein and ash amount were determined by using commercial diagnostic kits (Dietary Fiber Assay Kit; Wako Pure Chemical Industries, Osaka, Japan) at Ehime University. The non-digestive protein is not resolved by digestive enzyme, is not absorbed from the intestinal tract, and is excreted into feces.
Experimental protocols. After 6 days of acclimatization, the 16 rats were divided into the two groups described above. Throughout the duration of the experiment for 4 weeks, body weight and the weight of the food consumed were recorded every morning for each animal, and then the food was replenished. The rats were killed by decapitation, and a blood sample corresponding to a non-fasting state was collected from the neck at 20 : 00 on the last day of the experimental period. The blood was centrifuged at 1,500 × g at 4°C for 10 min and stored at −50°C until the analysis. Liver, spleen, kidney, white adinisms underlying its inhibition of visceral fat accumulation and the hypotriglyceridemic effect are unclear. In the present study, we tried to elucidate the precise mechanism underlying APP-induced lipid metabolism improvement effects. We examined whether or not APP traps bile acid micelles in the small intestine and how lipid components are excreted from the body with APP, and we newly measured the weight of several tissues, such as visceral adipose and skeletal muscle tissues, after APP intake. Furthermore, we examined whether or not APP intake increases serum bile acids, which enhance energy expenditure by promoting intracellular thyroid hormone activation (16) .
MATERIALS & METHODS
Animals. Male Sprague-Dawley rats (SLC, Shizuoka, Japan) at 5 weeks old were raised in stainless wire mesh cages in a room controlled by a 12-hour lightdark cycle (dark phase: 15 : 00-3 : 00) and a constant temperature (24 ± 1°C). The animals were housed separately for 6 days to acclimate them to the environment. Animals were fed regular tap water and a commercial low-fat diet (D12450B; Research Diets, Inc., New Brunswick, NJ, USA) ad libitum. This study was conducted in accordance with the ethical guidelines of the Ehime University Animal Experimentation Committee and was in complete compliance with the National Institutes of Health: Guide for the Care and Use of Laboratory Animals. All efforts were made to minimize the number of animals used and to limit experimentation to what was necessary to produce reliable scientific information.
Diets. Alaska pollack (Theragra chalcogramma) fillets (Nippon Suisan Kaisha, Ltd., Tokyo) were used as the fish protein source in this study. The fillets were freeze-dried and ground. The fat component was extracted using hot ethanol (65°C, 30 min × 2) and removed by filtration. The remaining ethanol was naturally dried for 6 days and removed with evaporation. At 6 weeks of age, 16 rats were assigned to one of two experimental groups (n = 8): one group was given a high-fat casein diet based on the AIN-76 control diet (D12451; Research Diets), and the other group was given a diet in which APP replaced casein. The amino acid component and nutritional analyses of protein sources in this study are shown in Table 1 . 
Component analysis of casein and APP. Nutritional

RESULTS
There were no significant differences between group casein and APP in body weight, food intake, body composition, kidney weight, or spleen weight (Table 2). Liver in the APP group weighed less than that in the casein group (Table 2) . Interestingly, the gastrocnemius muscle in the APP group tended to weigh more than that in the casein group (P = 0.074, unpaired t-test); however, there was no significant difference between those groups in the weight of the soleus muscle (Table 2) . Also, the weights of epididymal and mesenteric fat in the APP group tended to be lower than those in the casein group (P = 0.128 and P = 0.057, unpaired t-test, respectively); however, there were no differences between the groups in the weights of perirenal and interscapular fat ( Table 2 ). The epididymal fat weight correlated negatively with gastrocnemius muscle weight in the APP group ( Fig. 1 ; P < 0.05, R 2 = 0.5889), but not in the casein group. Table 3 shows the effects of APP on lipid metabolism. Serum TG level in the APP group was dramatically lower than that in the casein group (P < 0.05, unpaired t-test). There was no significant difference between the groups in serum cholesterol (Total, HDL and non-HDL) and bile acid concentrations. The atherogenic index in the APP group tended to be lower than that in the casein group (P = 0.087, unpaired t-test). There was no significant difference between the groups in blood glucose level (casein, 8.44 ± 0.31; APP, 8.60 ± 0.37 mmol/L). Liver TG level, cholesterol level, and total lipid amount were slightly, not significantly, lower in the APP group than in the casein group. There was no significant difference between the groups in levels of fecal total lipids and bile acid. We found that APP had a higher non-digestive protein content (Table 1) , and the amount of protein in feces in the APP group was higher than that in the casein group (Table 3) . pose tissues (perirenal, epididymal, and mesenteric adipose tissues), interscapular brown adipose tissue, and skeletal muscle (soleus and gastrocnemius muscle) were removed and weighed. In the weighing of white adipose tissues, the sum of the weights of the right and left was regarded as the total adipose tissue weight. Each liver was stored at −50°C until the lipid analysis.
Measurement of body composition. The carcass was minced. Total body water amount was determined by the difference in the mince weight before and after drying overnight at 105°C. The total body lipid amount was determined gravimetrically after extraction by the method of Folch and others (6) . The total body protein amount was determined by the Kjeldahl method (12) with an N-to-protein conversion factor of 6.25.
Serum and liver analysis. The contents of the total lipid in the liver were determined gravimetrically after extraction by the method described by Folch et al. (6) . The concentrations of total cholesterol and triglyceride in the liver extract and serum were determined enzymatically by using commercial diagnostic kits (Cholesterol E-Test Wako, Triglyceride E-Test Wako; Wako Pure Chemical Industries). The concentration of HDL cholesterol in the serum was determined enzymatically by using a commercial diagnostic kit (HDL Cholesterol Test Wako). The concentration of bile acid in the serum was determined enzymatically by using commercial diagnostic kits (Total Bile Acid Wako; Wako Pure Chemical Industries). Dobiasova and Frohlich defined the atherogenic index as log (TG/HDL cholesterol) (3); a higher atherogenic index score shows a higher risk for CHD.
Feces analysis. Before the rats were killed, feces were collected from each rat over the final 3 days of the experimental period. The feces were freeze-dried, weighed, and milled. Steroids in the feces were extracted with a mixture of chloroform-methanol (1 : 1, v/v) at 70°C for 60 h (4). The contents of the total lipid in the feces were determined gravimetrically after extraction by the method described by Folch et al. (6) . The amount of bile acids in the feces was determined enzymatically by 3α-dehydrogenase assay according to the method described by Sheltaway and Losowsky using taurocholic acid as a standard (14) .
Statistical analysis. Data are expressed as the mean casein has been reported (7), we hypothesized that APP traps bile acid micelles in the small intestine and induces the efficient excretion of lipid components from the body. Indeed, it has been reported 
DISCUSSION
The present results suggest that APP has a hypotriglyceridemia effect compared to casein. Furthermore, the atherogenic index in the APP group tended to be lower than that in the casein group. Since serum TG and atherogenic index are risk factors for CHD, the repeated intake of APP is thought to be effective for the prevention of CHD. Shukla et al. have also reported a hypotriglyceridemic effect by APP (15) , and their results are identical to those of the present study. In the APP group, because liver TG and visceral fat tended to be decreased, APP is thought to have not only a hypotriglyceridemia effect but also an inhibitory effect on whole lipid accumulation. Furthermore, serum total cholesterol, serum HDLcholesterol, and liver total cholesterol tended to decrease slightly in the APP group. This result is also identical to that in a report by Shukla et al. (15) . In the present study, we reconfirmed that the intake of APP may be effective for preventing the increase in serum lipids, liver lipids, and visceral fat. Since the acceleration of fecal excretion of total lipids and total cholesterol by APP compared with that a soybean resistant protein, which is an indigestible protein found in soybean, elevates fecal excretion of cholesterol and bile acids in rats (17) . In the present study, we showed that APP contains more non-digestive protein than casein, and that fecal protein content per weight is greater in the APP group than in the casein group. However, the amounts of total lipids and bile acids in feces did not differ significantly between the groups. This suggests that APP's hypotriglyceridemia effect is not induced by increasing excretion of lipid components with bile acids in the present conditions. Since the increasing effects of total lipid/bile acid excretion by APP were observed only in a high-fat plus highcholesterol diet (7), our present result is reasonable. We speculate that APP is less digested and less absorbed than casein, and that the intake of APP improves lipid metabolism by increasing excretion of APP-binding lipids in the high-fat plus high-cholesterol diet. Further studies are needed to elucidate the effects of APP as a non-digestive protein in humans. In the APP group, the weight of the gastrocnemius muscle, which consists almost entirely of fasttwitch fiber, tended to be higher that in the casein group. Because APP did not affect the weight of soleus muscle, which is a slow-twitch muscle, it is possible that the muscle hypertrophy effect by APP is selective for fast-twitch muscles. Furthermore, in the APP group, there was an inverse correlation between gastrocnemius muscle weight and epididymal fat weight, which was the most reduced among the visceral fat tissues in the present study. On the other hand, there was no such correlation in the casein group. From these results, it is possible that the intake of APP induces muscle hypertrophy by its nutritional character after absorption and reduces visceral fat by enhancing muscle hypertrophyinduced basal energy metabolism. In the present study, we observed only APP-induced tissue weight change. However, since it is possible that APP induces qualitative changes in muscle such as fiber type, lipid metabolism, and carbohydrate metabolism, further investigations are needed to elucidate these possibilities. It has been reported that fish protein hydrolysate in a saithe, which is a white fish like Alaska pollack, elevates serum bile acids and reduces visceral body fat (11) , and that serum bile acids enhance energy expenditure by promoting intracellular thyroid hormone activation and reduce visceral body fat (16, 17) . Thus, we examined whether or not APP intake increases serum bile acids, but found no such effect in the present study. This suggests that serum bile acid elevation does not induce the improvement of lipid metabolism by APP. Indeed, there was no difference between the groups in interscapular brown (10) . Since taurine and glycine amounts in the APP-based diet used in this study were less than half the amounts in the diet used in that previous report (10), APP may not have been able to elevate serum bile acids in the present study.
In summary, the present data suggest that the intake of APP decreases serum TG and inhibits visceral body fat accumulation in rats. Furthermore, these useful effects of APP were thought to be partly induced by the enhancement of basal energy expenditure resulting from fast-twitch muscle hypertrophy, and were induced neither by the enhancement of lipid excretion via feces nor by the elevation of serum bile acids.
